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Abstract

Cytokine activation and inflammatory process is a result of
complex interaction in the pathogenesis of various central nervous system disorders (CNS). Both proinflammatory and anti-inflammatory cytokines are produced during immune response. Cytokines measurement in the cerebrospinal fluid (CSF)
may be used as an additional tool in patients assessment. In
the state of CNS infection, IL-1, IL-6, IL-8, IL-10 and TNF-α levels
are typically elevated. Cytokine level alterations after antibiotic
therapy are not fully elucidated. Some cytokines, like IL-6, are
not only an inflammatory parameter, being elevated in patients
with subarachnoid haemorrhage. The role of TNF-α is known in
neurodegenerative disorders, where levels of proinflammatory
factors, including TNF-α, IL-1 and IL-6, are increased both in
serum and in CSF. Assessment of cytokine levels in CSF may be
an additional evaluation tool in the management of CNS disorders in children, especially those of inflammatory background.
Therapeutic agents for specific cytokines could be a future tool
in the treatment of inflammatory diseases.
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Introduction

The cerebrospinal fluid (CSF) surrounds the central nervous system (CNS). Because of mediation between axial
nervous system and blood, various constituents’ concentration ensures valuable information reflecting general welfare or potentially coexisting illness. Detection of proven
markers associated with specific diseases simplifies making a definite diagnosis and encloses researchers to revealing pathogenesis of the disease [1]. Routine biochemical
and bacteriological examination of CSF typically includes
CSF cell count, levels of protein, glucose and chloride ion
and analysis of CSF smear. Additional bacterial culture and
polymerase chain reaction PCR offers the detection of the
potential causing factor in the cases of CSN infections. In
inflammatory and demyelinating disorders, evaluation of
CSF proteins and immunoglobulins may be helpful. Available reports admit that routine parameters are not always
sensitive enough to detect pathological processes early [2Vo l . 2 9 / 2 0 2 0 , n r 5 9
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Streszczenie

Aktywacja cytokin i rozwój procesu zapalnego jest wynikiem
złożonej interakcji w patogenezie wielu schorzeń ośrodkowego
układu nerwowego. Zarówno cytokiny o działaniu prozapalnym,
jak i przeciwzapalnym są wytwarzane podczas odpowiedzi immunologicznej. Pomiar cytokin w płynie mózgowo-rdzeniowym
może być stosowany jako dodatkowe narzędzie w procesie
diagnostycznym pacjentów z chorobami OUN. W zakażeniach
OUN o różnej etiologii, stężenia IL-1, IL-6, IL-8, IL-10 i TNF-α
są zazwyczaj podwyższone. Zmiany ich poziomu pod wpływem
antybiotykoterapii nie są w pełni wyjaśnione. Niektóre cytokiny,
jak IL-6 są nie tylko parametrem zapalnym, ulegają również podwyższeniu stanach chorobowych o etiologii niezapalnej, jak np.
u pacjentów z krwotokiem podpajęczynówkowym. Rola TNF-α
jest znana w zaburzeniach neurodegeneracyjnych, gdzie zarówno w surowicy, jak i w CSF zwiększa się poziom czynników prozapalnych, w tym TNF-α, IL-1 i IL-6. Ocena poziomu cytokin w
płynie mózgowo-rdzeniowym pacjenta może być dodatkowym
narzędziem oceny w leczeniu zaburzeń ośrodkowego układu
nerwowego u dzieci, zwłaszcza tych o podłożu zapalnym. Metody leczenia wpływające na stężenia określonych cytokin mogą
być przyszłym narzędziem w leczeniu chorób zapalnych OUN.
Słowa kluczowe: cytokiny, płyn mózgowo-rdzeniowy, dzieci,
markery.

5]. More specific diagnostic tools are a reason for searching novel, more reliable and sensitive markers.
Evaluation of CSF cytokine levels may give additional
meaningful information in various inflammatory diseases.
Complex interactions between cytokine activation and inflammatory process are involved in the pathogenesis of
many disorders. Proinflammatory and anti-inflammatory
cytokines regulate immune response, both being produced
during the infection. IL-1β, TNF- α, IL-8 and IL-6 are proinflammatory cytokines that participate in the induction of
acute phase inflammatory reactions. IL-1 receptor antagonist (IL1RA) and IL-10 are anti-inflammatory cytokines.
The balance between those two cytokine groups influences
the severity of the immune response. The release of proinflammatory cytokines (IL-1, Il-8, TNF-α) is responsible for
developing inflammation in both aseptic and purulent CNS
infections that potentially correlate with the disease outcome
[6]. In the state of CNS infection, IL-1, IL-6, IL-8, IL-10 and
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TNF-α levels are typically elevated. Cytokine level alterations after antibiotic therapy are not fully elucidated. Some
researchers conclude that IL-1β and IL-8 decreases due to
such treatment but others do not confirm that fact [7-8].

IL-1

IL-1 is a superfamily consisting of 9 members. IL-1β is
the most active, soluble factor, and IL-1α is a membrane
subtype [9]. IL-1 receptor type 1 (IL-1-R1) is the primary
receptor responsible for the inflammatory reaction; on the
other hand, IL-2 receptor type 2 (IL-1-R2) can decrease
IL-1 signal transduction. What is more, IL-1-R2 receptor
(IL-1R2) has a higher affinity for IL-1β than IL-1α, which
results in the anti-inflammatory effect of IL-1 [10,11]. The
protein that binds to IL1-R preventing IL1 from sending
the signal into the target cell is called IL-1 receptor antagonist (IL-1RA). IL-1RA inhibits the activities of IL-1 and
modulates a variety of IL-1 related immune response.
IL-1β is considered to be a major inflammatory cytokine, not only leading to an increase of other cytokine production and BBB permeability [12] but also inducing glial
and neuronal degeneration or damage [13,14]. IL-1-R2
and IL-1 levels were significantly higher in patients with
mumps and enteroviral meningitis than in control [15]. In
neuroborreliosis there are suggestions that IL-1Rra are a
possibly good indicator of response to antibiotics. In experiments on animals, the administration of IL-1β was responsible for inducing memory deficits with an associated increased level of TNF-α and reduced expression of
the glial fibrillary acidic protein (GFAP) [16]. In other
research, CSF taken from a patient with multiple sclerosis (MS) in vitro increased postsynaptic excitatory current
and provoked neuronal swelling. These results may indicate the possible relation between the inflammatory process
and neurodegeneration detectable in the course of the disease. This association has its reflection in clinical findings,
which confirms the increase of volume and a number of demyelination lesions in patients with a high concentration of
described interleukin. However, there was no detected connection between the number of leukocytes in the CSF and
Il-1β level, which excludes its intrathecal production. Furthermore, the lack of IL-1β in neuromyelitis optica (NMO)
suggests that cytokine is associated with a chronic process,
not the acute phase of the disease [13,17]. In other analyses
the repeated measurement of IL-1 in the CSF of patients
with MS had no significant diagnostic value [18]. In an
animal model, IL-1β abnormal concentration (increased or
decreased) leads to impairment of hippocampal memory
formation, synergic with COX-1 induced prostaglandins
during delirium [19]. In this context, it is worth mentioning
that chronic IL-1β overproduction by microglial tissue is
supposed to be connected with plaque creation preluding
neurodegeneration in Alzheimer’s disease [19]. The results
are coherent with chronic blockage of IL-1R in a mouse
model, in which the cognitive impairment was alleviated
with coexisting reduction of chosen forms of Aβ and Tau
proteins [20]. CSF IL-1β was found significantly higher in
children with febrile seizures compared to controls [21].
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On the other hand, mice with boosted IL-1RA activity
were more likely to develop a lower-volume brain [22].
However, in ischaemia, IL-1β oozing proceeds the IL-1RA
synthesis for about 30 minutes. The latter is negatively correlated with GFAP, suggesting its neuroprotective function
due to the decreased activation of glial cells [23]. Also in
a randomized double-blinded experiment in patients with
acute stroke the neuroprotective role of IL-1RA was detected, indicating better prognosis in the cases of cortical
infarct [24]. According to assessments on patients with
neonatal hypoxic-ischaemic encephalopathy, IL-1β is the
best predictive value for neurological sequelae in the age
of 6- and 12-months, with the highest ratio between concentration in serum and CSF [25,26]. IL-1β is less related
to antibiotic treatment than TNF-α, making the first a better
marker of the marker of the patient’s condition at the onset
of the disease [27]. In CNS infections an IL-1β measurement is a useful tool in distinguishing two most frequent
aetiologies – bacterial and viral. The cytokine has specificity and PPV at 96% and 95%, with a sensitivity reaching
78%. IL-1 appears to be more elevated in infants with bacterial meningitis, especially in neonates who die of gram-negative infection compared to survivors, being connected with unfavourable prognosis [28]. Furthermore, Low et
al. described the correlation between the detection of IL-1β
and TNF-α with longer hyperpyrexia, increased muscle tonus, paroxysmal episodes and death rate [29]. Analogous,
interleukin-1β is a factor of worse outcome in viral CNS
infections. Value of IL-1β:IL-1RA ratio of CSF is significantly associated with low Glasgow Outcome Scale. Moreover, in the same research, IL-1RA serum activity was
positively correlated with better treatment results in the general population and lesser temporal lobe swelling in HSV
encephalitis patients.

IL-6

Interleukin-6 is one of the proinflammatory cytokines
secreted by phagocytes, T- and B-lymphocytes and endothelial cells, fibroblasts in response to injury, including infections, trauma and cardiovascular reasons [30,31]. Presented interleukin has many physiological functions, including proliferation, differentiation and apoptosis. It also
plays a vital role in nonspecific reaction to infection, which
stimulates the production of acute-phase proteins, including fibrinogen and CRP or reflects the BBB function. IL6 level reacts to administered therapy, alternating with the
improvement or aggravation of clinical state [32]. Chronic
elevation of this cytokine may lead to impairment of the
production of several substances and secondary physiology of neurons. Its increase was documented in several disorders with different aetiology, autoimmune and infective
ones. Significantly increased mean IL-6 value in patients
with bacterial meningitis was described in comparison to
the group suffering from aseptic meningitis and the control
group with sensitivity and specificity up to 100% [33,34].
Correlation between IL-6 and CSF leukocyte count and
protein level were discovered in both bacterial and viral
meningitis. Intriguingly, IL-6 was described as a parameter
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increasing before the first symptoms, when other inflammatory markers were negative, being an early marker of
inflammation [35,36]. The strong correlation in encephalopathies associated with infectious agents was described,
especially in HHV-6, influenza, Japanese encephalitis and
tuberculous aetiology. In adults and children with poor
prognosis and incomplete recovery concentration of IL-6
was significantly higher than in patients without sequelae
[38, 39, 40]. IL-6 is not only described as an inflammatory parameter – available reports link higher values of this
cytokine in CSF with subarachnoid haemorrhage and following vascular constriction. Concentration arises in few
days after SAH episode and gradually decrease within the
next weeks. In ischemic stroke, IL-6 levels are increased in
serum and CSF as in SAH, with a predominance of subarachnoid space. There is an association between the clinical state of the patient and IL-6 concentration [30,31]. In
the studies concerning acute disseminated encephalomeningitis, IL-6 was suggested as an inflammation mediator
of observed disorder - increased concentrations were found
in 16 of 18 patients and no one in the control group. Evaluation of psychiatric population revealed a significant positive link between CSF IL-6 level and dysthymia score. The
described cytokine’s concentration may also be associated
with iatrogenic intervention as oncological therapy. It is
proven that anthracyclines, cytophosphane or arabinoside
derivates may increase interleukins, like IL-6 and TNF-α
by induction of subclinical meningoencephalitis [41]. Moreover, a higher level of IL-6 is observed in patients with
major depressive disorders [42]. Measurement of CSF IL-6
may help to assess the response to treatment with infliximab in the course of neurosarcoidosis.

IL-8

IL-8 is a proinflammatory cytokine which is detected
in an early period of CNS infection, described aside from
IL-1 and IL-6 as one of the essential cytokines responsible
for innate immunity. The cytokine promotes interaction between leukocytes and endothelial tissue, responsible for the
early phases of inflammatory infiltration or severe ischaemic episode, higher in focal cerebral arteriopathy than in
other aetiologies. IL-8 is described to be an attractant for
neutrophils, causing chemotaxis to the inflammation compartment [35,43]. Its concentration may be positively associated with significant sequelae of the disease. Moreover,
the cytokine was reported to be significantly increased in
herpetic, HHV-6, influenza and enteroviral aetiology. The
last one may run with increased CSF IL-8, even without
pleocytosis. What is more, concentrations are usually higher in bacterial meningitis, giving a chance to distinguish
viral and bacterial origin, achieving sensitivity and specificity at the level of 89,5-100% and 86,7-94%, respectively,
depending on the set cutoff level and research [33,35,43].
IL-8, the same as TNF-α and IL-6, has similar values in
both gram-negative and gram-positive bacteria [44].

IL-10

IL-10 is an anti-inflammatory cytokine. In patients with
acute disseminated encephalomyelitis IL-10 was detected
Vo l . 2 9 / 2 0 2 0 , n r 5 9

in 13 of 18 patients whereas subjects in the control group had it undetectable. There was no association between
IL-10 concentration and CSF protein level or cell count
[45]. In bacterial meningitis, the IL-10 level is significantly
higher in gram-positive aetiologies than in gram-negative
infections. What is more, the cytokine is assessed as one of
the main interleukins controlling the containment of proinflammatory factors. Due to the increase of IL-10 the effect
of proinflammatory agents is lowered which results in additional neuroprotective role. The concentration of IL-10
is the highest in the recovery phase of both bacterial and
viral CNS infections. However, the cytokine is present also
in the first period of the disease. A statistically important
rise of IL-10 in the later phases of disease was observed
in viral infections. In research on animal models the systemic injection of IL-10 resulted in decreased CSF leukocyte
count, lowered intracranial pressure and the general suppression of IL-6 effects which confirmed the suppressory
character cytokine [46].

TNF-α

TNF-α induces a purposive migration of leukocytes
resulting in BBB disruption, increased permeability, and
brain oedema leading to damage to brain tissues, including
glial cells and vascular endothelium [46]. Age and sex do
not interfere with their level. The first phases of inflammation mediated by TNF-α are associated with induction
of IL-1β production, making those two cytokines responsible for early initiation of generalized reaction [41]. TNF-α
concentration in serum may help to determine the aetiological factor of CNS infection. Few studies noticed that
TNF-α was increased in most bacterial meningitis patients,
whereas none of the viral cases was associated with such
laboratory finding [33,34,47,48]. On the other hand, some
authors describe the elevation of TNF-α in certain CNS infections, including caused by HSV-1, HHV-6, enterovirus,
mumps, influenza or Japanese encephalitis virus. The parameter is linked to the observed outcome and the possibility
of complications [40-47]. TNF-α intermediates an inflammatory process in non-infectious disorders. Tumour necrosis factor receptor 1 (sTNFR1) was found in increased concentration in 11 out of 18 patients with acute disseminated
encephalomyelitis. What is more, sTNFR-1 and IL-10 correlated with each other. As TNF-α is assumed as one of the
primary mediators in inflammatory processes, the balance with anti-inflammatory cytokines is vital to prevent the
injury of glial cells and demyelination in the acute phase
of the disease [46]. The same pathophysiology is probably
responsible for systemic vasculitis resulting in Kawasaki
disease (KD) in which high concentrations of sTNFR1and
IL-6 are described. The role of TNF-α is known in neurodegenerative disorders, where both in serum and in CSF
levels of proinflammatory factors including TNF-α, IL1
and IL-6, are increased. In multiple sclerosis patients described factor is a rare nonspecific finding [49]. TNF-α, as
it was mentioned before, induces apoptotic processes; this
relation is observable also in ischemic events where the
intensive release of such cytokine takes place within a first
day-first week after hypoxic-ischemic injury [50].
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Conclusion

IL-1 belongs to the group of early markers of disease
appearing during the first hours after onset. As a sensitive
marker may reflect the actual disease activity the efficiency
of antibiotic therapy of neuroinfections, including neuroborreliosis [28]. IL-6 is described as an early inflammatory indicator in neuroinfections [35], in both ischemic and
haemorrhagic disorders including strokes [30, 31], as well
as reaction to administered therapy [41] or mechanical damage [51]. Its concentration remains elevated according
to the disease activity [31-32]. In SAH IL-6 reaches the
highest value within few first days, then gradually decreases through next weeks. IL-8 appears in the first phases
of disorders, early period of ischaemic episodes, infectious
and non-infectious CNS disorders [43]. TNF-α is a non-specific CNS injury most often found in the first phases
of generalized reaction [42]. Often described as the first

circulating and activating other cytokines pathways. The
significant concentration elevation appears in neuroinflammatory diseases as encephalitis, meningitis or CNS trauma [51], in ADEM we observe a decrease in CSF level
[45]. IL-10 is a cytokine of the convalescent, late phase
of disease. As an anti-inflammatory agent dampens the
proinflammatory interleukins mentioned above, leading
to their decrease in CSF after neuroinfection [45], autoimmune disorders, other CNS damage or chemical irritation [41]. Assessment of cytokine levels in a CSF patient
may be additional evaluation additional evaluation tool in
the management of CNS disorders in children, especially
those of inflammatory background. The summary of cytokine patterns observed in various disorders with described
cytokine dynamics in selected clinical cases was presented
in Table 1.

Tab. I Therapeutic agents for specific cytokines could be a future tool in the treatment of inflammatory diseases.
Disorder

cytokine pattern

cytokine dynamics

Nonspecific CNS
injury (infections,
trauma,
cardiovascular)

- generalised IL-6 increase [30,31], - TNF-α - early phases of
generalised reaction [41] - TNF-α mediated IL-1α production [41]

In Traumatic Brain Injury the parameters were
controlled every 12h. IL-1α, IL-1α, and IL-6 were
increased – their dynamic was not steady. IL-10 had
the highest level around 24h after the injury. The
TNF-α had two peaks – first higher after 36h and the
later 84h. [51]

both bacterial
and viral
neuroinfection

- IL-6 early inflammatory factor [35] reflects the therapy efficiency
and clinical state in neuroinfection [32] - IL-6 correlates with CSF
cytosis and protein concentration [36] - IL-10 - the highest in the
recovery phase of both bacterial and viral CNS infections, also
present in the first period of the disease [46] - IL-10 statistically
rises higher in later phases of viral infection [46]

In aseptic meningitis, all patients with moderately
increased IL-6 in the early phase after 8 days of
hospitalization had the cytokine near the normal
level. [52] In bacterial meningitis, all patients had
highly increased IL-6, after 14 days 3/9 emained the
cytokine excessing the normal value. [52]

bacterial
neuroinfection

- elevated IL-1 connects with unfavourable prognosis [27]; IL-1α is
better patient condition marker at the onset of the disease [28] - IL1Ra is a good indicator of response to antibiotics in neuroborreliosis
- mean IL-6 value statistically higher than in viral [33]
- IL-8 concentration higher than in viral [33, 35]
- TNF-α is increased in most bacterial meningitis, no association in
viral cases [33, 34, 47, 48]

viral
neuroinfection
and aseptic CNS
inflammation)

- IL-1β is a factor of worse outcome [29]
- IL-1β:IL-1RA ratio of CSF is significantly associated with low
Glasgow Outcome Scale [29]
- mean IL-6 value statistically lower than in bacterial [33] IL-6 concentration is higher (in HHV-6, influenza, Japanese
encephalitis) in patients with complications, incomplete recovery
and poor prognosis [38,39]
- IL-8 (in herpetic, HHV-6, influenza and enteroviral) is positively
associated with significant sequelae [35]
- Patients with HSV encephalitis with normal GCS have increased
IL-10 [29] - In recovery phase IL-10 is significantly higher than in
acute phase [53] - TSF-α (in HSV-1, HHV-6, enterovirus, mumps,
influenza or Japanese encephalitis virus) is linked to the outcome
and the possibility of complications [40-47]

- in MS proinflammatory factors are increased in active phase

neurodegenerative
disorders

48

- TNF-α, IL-1 and IL-6 are increased; IL-10 increased during
remission [55]
- in MS, repeated measurement of IL-1 has no significant
diagnostic value [18]
- in AD, IL-1β microglial tissue overproduction links with plaque
creation [19]

Enteroviral neuroinfection. 1)The IL-6, IL-8 and IL-10
concentrations were tested in the acute phase
(2.4±1.6 days after onset) and in the recovery
phase (11.4±3.9 days after onset). IL-10 increased
significantly and was higher in the late period,
whereas IL-6 and IL-8 were higher at first and
decreased during control [53].
2) The CSF IL-1β, IL-6 and IL-8 levels in critically and
severely ill patients were significantly higher in the
acute phase (within 6h of admission) and decreased
in recovery phase (after 7-14 days of treatment) [54]

The patients with MS in remission or stable
phase lasting at least 3 months have higher IL-10
concentration than patients in MS active phase of
disease (new symptoms and signs or worsening of
an old for at least 24 hours within 2 weeks before
sampling). In the latter group TNF-α was increased.
[55]
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Disorder

cytokine pattern

stroke and
ischaemic disorders

-in ischaemia and vessel constriction IL-1β oozing
proceeds the IL-1Ra synthesis for about 30 minutes [23]
- in stroke, the neuroprotective role of IL-1Ra links with
better prognosis in the cortical infarct [24]
- IL-6 concentration connects with a disease severity [31]
- IL-8 - early period severe ischaemic episode [43]

subarachnoid
haemorrhage

ADEM

cytokine dynamics

- in SAH, IL-6 in CSF reaches higher values; concentration After the subarachnoid haemorrhage the IL-6 increased. The
arises in few days after episode and gradually decreases highest values were observed within 24h. Next assessments
within the next weeks [30]
in 1 and 5 day showed a decrease, but the concentration
- IL-6 associates with the clinical state of the patient [30]
remained elevated [56]
- IL-6 is an inflammatory mediator, increased
concentration appears in excessive majority of patients
[45] - increased IL-10 is detected in the majority of
patients, - TNF-α activity - one of the primary mediators
in inflammatory processes is elevated in majority of
cases; correlates with IL-10 concentration [45]

- No correlation between the IL-6, IL-10, or sTNFR1
level and the CSF protein concentration or CSF
cell count [45], in induced inflammation IL-10 was
associated with CSF protein level [46]

depressive disorders

- CSF IL-6 level links with dysthymia score [41], - the
higher level of IL-6 is observed in patients with major
depressive disorders [42] - TNF-α, IL-1ß and IL-10
remained unaffected [42]

Response to
therapy

- IL-6 eases an assessment of the response to infliximab
treatment
- During the oncological therapy with anthracyclines,
cytophosphane or arabinoside increased IL-6 and TNF-α
are observed [41]

In ADEM both IL-6 and IL-10 decreased in repeated CSF
analyse, but only in selected cases below the upper normal
limit. The median interval between CSF examination lasted
13,5 days [45]

In experimental model E. coli endotoxin was injected and
patient observed for 24h. CSF IL-6 significantly raised in
comparison to placebo group. The IL-6 peak appeared 6h
after injection, TNF-(a) and IL-10 concentration in CSF
did not elevated. CSF IL-6 raised slower than in serum, in
the latter the maximum values were observed in 2h after
injection. Patients with induced inflammation experienced
dysthymia [42].

Table 1 The summary of cytokine patterns observed in various disorders with described cytokine dynamics in selected clinical cases.
ADEM – Acute Disseminated Encephalomyelitis; CNS – Central Nervous System; CSF – cerebrospinal fluid; IL – interleukin; MS – Multiple
Sclerosis; TNF-α – Tumor Necrosis Factor-α; SAH – Subarachnoid Haemorrhage; sTNFR1 – soluble TNF receptor 1
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